Searching PAJ 



1/2 ^—i> 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-1 86252 

(43)Date of publication of application : 28.06.2002 



^oi;lnt,CI. 


H02II 3/24 






H02y 3/155 






HA9II 7 /ASi 






H02II 7/537 






// H05B 41/24 




(21)Application number . 


2000-378743 (71)Applicant 


: TOKO INC 


(22)Date of filing : 


13.12.2000 (72)Inventor : 


ARAKAWA KOJI 






TAKAHASHI TOSHIHIRO 






INOKUCHI TAKAHIRO 






UMEKI TAKAHIRO 



(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a piezoelectric 
transformer in which discharge can be started smoothly 
when the discharge start voltage of a cathode ray tube 
IS increased, deterioration of a component or discharge 
due to open circuit or short circuit on the secondary 
electrode side of the piezoelectric transformer is 
prevented, and heating of a drive switch can be 
prevented, 

SOLUTION: The control circuit for a piezoelectric 
transformer comprises at least one of a circuit for 
returning the drive frequency back to an upper limit and 
then lowering it gradually when a voltage not lower than 
a preset level is detected at the secondary electrode 
side of the piezoelectric transformer, and a circuit for 
stopping operation of a drive circuit when a preset firing 
current can not be obtained from the secondary 
electrode. 
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[JP,2002-186252,A] 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control circuit of the piezoelectric 
transformer used for the piezo-electric inverter which makes a cold cathode tube tum on, and 
relates to the control circuit for the components inside a piezo-electric inverter, protection of a 
circuit and a circumference circuit element, etc. to the load disconnection from which property 
change of a cold cathode tube and connection of a cold cathode tube separate, and the load short 
circuit of the piezoelectric transformer by the external cause. 
[0002] 

[Description of the Prior Art] The display of a thin shape and the lightweight description to 
information machines and equipment has a liquid crystal display in use. A back light is required 
for the liquid crystal display of a transparency mold, and most back ligjits are cold cathode tubes. 
There are a process of discharge starting before burning and a process of continuation of burning 
in burning of a cold cathode tube. The piezoelectric transformer is not only small and 
lightweight, but has the high tension at the time of discharge starting, and properties, such as the 
ballast effectiveness at the time of continuation of burning, and it is advantageous as an inverter 
for cold cathode tubes, and the utilization range also spreads out. 

[0003] The approach which showed the continuation of burning which fixed discharge starting 
and lighting current of a cold cathode tube by ttie piezo-electric inverter to drawing 3 is used. 
Like drawing 3 in the no-load characteristic 31 (broken line) at the time of secondary electrode 
load disconnection of a piezoelectric transformer, and the load characteristic curve 32 
(continuous line) at the time of secondary electrode load connection, a load characteristic curve 
32 exists in the higher one on a frequency shaft in the one where the no-load characteristic 3 1 is 
lower. Moreover, the pressure-up ratio to the secondary electrode alternating current output 
voltage to the primary electrode actuation alternating voltage of a piezoelectric transformer has 
the high no-load characteristic 31, and its load characteristic curve 32 is low. 
[0004] Using this property, it reduces drive frequency gradually from the actuation upper limited 
frequency fl sufficiently higher than the skirt of the no-load characteristic at the time of piezo- 
electric inverter starting, discharge starting of a cold cathode tube is a secondary electrode output 
by that high pressure-up ratio, while passing the no-load characteristic 3 1 , and when that 
electrical potential difference reaches the breakdown voltage a of a cold cathode tube, it is 
performed. After discharge starting changes to a load characteristic curve 32 by the ballast 
effectiveness which a piezoelectric transformer has. 

[0005] The control which moves to a ramp with drive frequency slightly higher than the peak of 
a load characteristic curve 32 by circuit control which drive frequency is raised when a current is 
large (i.e., secondary electrode voltage) and it is high so that lighting current may become fixed [ 
after burning of a cold cathode tube ], drive frequency is lowered for an electrical potential 
difference when there are little lowering and lighting current, and raises secondary electrode 
voltage, and increases a current, and sets lighting current constant is continued by c points. In 
addition, it is shown by the transition locus 33 (thin continuous line) of the secondary electrode 
voltage of a piezoelectric transformer along witti the no-load characteristic and a load 
characteristic curve. 



1 



[0006] in the above conventional piezo-electric inverters, a cold cathode tube's surely 
discharging and a load do not separate from the secondary electrode of a piezoelectric 
transformer — simplistic — control on condition of a near load not being connected to the 
secondary electrode of a piezoelectric transformer is performed. In case it is actually used, 
substantial discoimection or the short circuit condition of the secondary electrode of a 
piezoelectric transformer occurs in the property change by the environment of a cold cathode 
tube, or the load effect by the external factor. In order that drive frequency may amend the 
lighting current of zero to the set point at the time of the discharge accident to degradation of the 
components in an inverter, or the circumference, and a short circuit with the high tension 
produced by real disconnection of the problem in which discharge starting of the cold cathode 
tube by property change of a cold cathode tube is impossible, and a secondary electrode, 
phenomena, such as generation of heat of the actuation switch produced by reducing a 
piezoelectric transformer to the capacitive actuation lower cut off frequency f2, have occurred. 
[0007] 

[Problem(s) to be Solved by the Livention] This invention can prevent the discharge-starting 
impossible between the cold cathode by the disconnection and the short circuit of a secondary 
electrode of property change of a cold cathode tube or a piezoelectric transformer, the discharge 
accident to components degradation in an inverter, or the circumference, and generation of heat 
of the actuation switch produced by frequency lowering, and offers the control circuit of the 
piezoelectric transformer of the piezo-electric inverter in which the stable actuation is possible. 
[0008] 

[Means for Solving the Problem] This invention solves the above-mentioned technical problem 
by controlling actuation of the actuation circuit of a piezoelectric transformer, when the output of 
the secondary of a piezoelectric transformer is detected and the output has not become a value at 
the time of continuation of bviming. 

[0009] Namely, the actuation circuit which drives the primary electrode of a piezoelectric 
transformer with alternating voltage. The piezoelectric transformer made to continue and txim on 
while making discharge of a cold cathode tube start with the output voltage from a secondary 
electrode. When the Ughting current of a cold cathode tube is high, the oscillation frequency of 
an actuation circuit Raising, Jn the control circuit of the piezoelectric transformer equipped with 
the circuit to which a negative feedback control is applied so that it may lower, when low, and 
the circuit which lowers drive frequency gradually from upper limited frequency sufficiently 
higher than the frequency used as the maximvim output of the no-load characteristic of a 
piezoelectric transformer at the time of starting When the electrical potential difference more 
than the electrical potential difference beforehand set as the secondary electrode of a 
piezoelectric transformer is detected It has the circuit which returns drive frequency to said upper 
limited frequency at switch speed, lowers drive frequency gradually again from this upper 
limited frequency, and drives a piezoelectric transformer. And/or, when the lighting current 
beforehand set as the secondary electrode of a piezoelectric transformer is not acquired, it has the 
description to have had the circuit which stops actuation of the actuation circuit of a piezoelectric 
transformer, 

[0010] Hereafter, the example of this invention is explained with reference to a drawing. First, 
actuation is explained. Drawing 4 is the explanatory view of actuation of the piezoelectric 
transformer by this invention. The locus of the no-load characteristic of a piezoelectric 
transformer, a load characteristic curve, and the secondary electrode voltage of the piezoelectric 
transformer to the usual discharge starting and Ughting current control is the same as drawing 3 . 
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[001 1] The secondary electrode load of the piezoelectric transformer by discharge voltage lifting 
according [ a locus 34 ] to the bottom property of a **** environment of a cold cathode tube or 
the external factor is the locus of the secondary electrode voltage at the time of real 
disconnection. The load curve with which the secondary electrode connected the secondary 
electrode of a piezoelectric transformer with the electrical-potential-diflference locus 35 for the 
lociis of the secondary electrode voltage at the time of a real short circuit too hastily substantially 
is shown in the short circuit load curve 36 (dashed line). 

[0012] When the secondary electrode load of the piezoelectric transfomier in breakdown voltage 
lifting and the extrinsic factor by the bottom property of a **** environment of a cold cathode 
tube becomes real disconnection, drive frequency falls gradually from fl, and the secondary 
electrode voltage of a piezoelectric transformer passes the usual breakdown voltage a, even if 
secondary electrode voltage rises, and continues rising toward the peak of the no-load 
characteristic. Since the ingredient and the ingredient of circumference coupling parts of a 
piezoelectric transformer have a proof-pressure limitation, it is not desirable that the peak voltage 
of the no-load characteristic is impressed in respect of a Ufe. 

[0013] Since it corresponds to this, when the limit electrical potential difference b which took 
allowances is set as the proof-pressure limitation of an ingredient and the electrical potential 
difference is detected by the secondary electrode, at circuit element switch speed, drive 
frequency is returned to fl and reduced again gradually [ it is the same with the time of inverter 
starting, and ] from fl . This cycle is a locus 34. By this actuation, when the secondary electrode 
load of the piezoelectric transformer in breakdown voltage lifting and the extrinsic factor by the 
bottom property of a **** environment of a cold cathode tube is real disconnection, the high 
voltage beyond the need is no longer impressed to a piezoelectric transformer, its circumference 
coupling parts, etc. 

[0014] Simultaneously, when the cycle of a locus 34 has arisen only by breakdown voltage 
lifting by the bottom property of a **** environment of a cold cathode tube, the **** 
environment of a cold cathode tube is improved after a number cycle, and discharge starting may 
be able to be done. In this case, it will move from breakdown voltage a to a locus 33 by the locus 
34. This to the locus 4 is usefixl also as an inverter property with little failure in discharge starting 
under a **** environment. 

[0015] An actuation current is stopped when drive frequency falls to a locusfZ by 35 when there 
is a short circuit of the secondary electrode of a piezoelectric transformer, and a cold cathode 
tube does not retum in predetermined time amoxmt at the lighting current of setting out. Drive 
frequency falls and it moves to £2 for amending the burning current value which ran short by the 
negative feedback control. Like f2, a piezoelectric transformer is a capacitive field and, as for 
actuation of the piezoelectric transformer in a frequency lower than a load characteristic and a 
short circuit load characteristic peak, an actuation switch generates heat. In order to prevent 
generation of heat, when it stops at a frequency f2 beyond predetermined time, it is necessary to 
stop actuation. 

[0016] Drawing 1 is the circuit diagram showing the example of this invention. For the input 
section of a piezo-electric inverter, and 1, as for a matching inductor and 3, Control IC and 2 are 
[ 14 and 15 / an actuation switch and 4 ] piezoelectric transformers. As for the primary electrode 
of a piezoelectric transformer, and 4", 4' shows the secondary electrode of a piezoelectric 
transformer. As for lighting current detection resistance, and R4 and R5, for 5, a cold cathode 
tube and R6 are [ the resistance for limit electrical-potential-difference detectors and 6 ] limit 
electrical-potential-difference detectors, and the switch which drives 10 and 1 1 with a limit 
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electrical-potential-difference detector, the differential amplifier [ reference voltage / electrical 
potential difference / corresponding to lighting current in 9 ], and 8 are VCO by the output 
voltage of the differential amplifier. The resistance and the capacitor by which Rl, R2, R3, and 
CI give bias to VCO, the power source to which a power outlet can carry out ON/OFF of 12 
with SW terminal which gives the electrical potential difference of criteria on the outskirts of the 
interior of IC, and 13 are detectors which detect the abnormality output of error amplifier. 
Drawing 2 shows the V-F property of VCO of the circuit of drawing 1 . 

[0017] Actuation of the circuit of drawing 1 is explained referring to drawing 4 . If an inverter is 
started, the bias which divided reference voltage by Rl, R2, R3, and CI will be given to VCO, 
and actuation of the piezoelectric transformer by the oscillation fi-equency of VCO will be 
started. Since there is no charge in CI immediately after starting, bias is low, and the property of 
drawing 2 to drive fi-equency is high, and equivalent to above fl. Since a charge is accumulated 
in CI with the passage of time, bias goes up gradually, and drive frequency falls gradually. The 
locus of the secondary electrode voltage of the piezoelectric transformer so far is just going to 
rise the no-load characteristic of the above-mentioned locus 33 or a locus 34 from fl side in 
drawing 4 . 

[0018] If a normal cold cathode tube is a load, it discharges with breakdown voltage a and 
buming requires. Under a **** environment, the cold cathode tube with which breakdown 
voltage rose is a load, or when a secondary electrode is no-load in an extrinsic factor, secondary 
electrode voltage rises a load characteristic curve 31 top to the limit electrical potential 
difference b. This electrical potential difference tums on the switches 10 and 1 1 which are 
detected by the limit electrical-potential-difference detector 6, and are in the output of this 
detector. In order that a switch 10 may extract the charge of CI of a VCO bias circuit at switch 
speed, quickly, the bias of VCO falls and drive frequency is set to fl at switch speed. 
[0019] The straight-line part of the locus 34 of drawing 4 is hit at this event. Then, a charge will 
be again accumulated in CI with the passage of time like the time of starting, secondary 
electrode voltage will rise, the limit electrical potential difference b will be reached, and the 
cycle of a locus 34 will be repeated. If breakdown voltage tums into below the limit electrical 
potential difference b from breakdown voltage lifting according [ a discharge-starting failure ] to 
the **** environment of a cold cathode tube, an environmental variation, etc. in the middle of a 
repeat, by the locus near a locus 33, it will move to c points and continuation buming will be 
carried out. In drawing 4 , the circuit of the repeat locus 34 which resets C2 of SW terminal of a 
reference supply for every cycle with a switch 11, and a reference supply does not turn off so 
that the below-mentioned latch halt actuation may not be started working is added. 
[0020] When the load of a piezoelectric transformer is close to a short circuit or a short circuit, 
the lifting current detection electrical potential difference generated in R6 is lower than the 
reference voltage corresponding to a setting-out target current, and although the output of the 
error amplifier 9 tends to rise to an upper limit, tends to reduce the frequency of VCO, tends to 
control lighting current and tends to make it increase, since lighting current does not increase, 
drive frequency falls from drawing 2 to a minimum f2. This is the negative feedback control of a 
series of lighting current control itself. It is expressed with a locus 35 at drawing 4. If the output 
of error amplifier continues and it is in an upper limit, the output of the error amplifier output 
malfimction detection machine 13 serves as a high level continuously, charges C2, and tums off 
a through reference supply for SW of a reference supply after that. As a result of suspending 
actuation and suspending actuation of an actuation circuit, the actuation switch 3 is also stopped 
and generation of heat of a switch of ICl with which the reference supply was severed is lost. 
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[0021] 

[Effect of the Invention] Since according to this invention a piezo-electric inverter with Uttle 
discharge failure can be obtained to change of the breakdown voltage property of a cold cathode 
tube, the discharge accident to components degradation in an inverter or the circumference can 
be prevented to the substantial disconnection and the substantial short circuit of a secondary 
electrode load of a piezoelectric transformer and drive frequency can prevent generation of heat 
of the actuation switch fallen and generated, the stable actuation is obtained. 

CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric transformer made to continue and tum on while making discharge of 
a cold cathode tube start with the output voltage from an actuation circuit and a secondary 
electrode which drives the primary electrode of a piezoelectric transformer with alternating 
voltage, When the lighting current of a cold cathode tube is high, the oscillation frequency of an 
actuation circuit Raising, In the control circuit of the piezoelectric transformer equipped with the 
circuit to which a negative feedback control is applied so that it may lower, when low, and the 
circuit which lowers drive frequency gradually from upper limited frequency sufficiently higher 
than the frequency used as the maximum output of the no-load characteristic of a piezoelectric 
transformer at the time of starting When the electrical potential difference more than the 
electrical potential difference beforehand set as the secondary electrode of a piezoelectric 
transformer is detected It has the circuit which retums drive frequency to said upper limited 
frequency at switch speed, lowers drive frequency gradually again from the upper limited 
frequency, and drives a piezoelectric transformer. The control circuit of the piezoelectric 
transformer characterized by having the circuit which stops actuation of the actuation circuit of a 
piezoelectric transformer when the lighting current beforehand set as the secondary electrode of 
a piezoelectric transformer is not acquired. 

[Claim 2] The piezoelectric transformer made to continue and tum on while making discharge of 
a cold cathode tube start with the output voltage from an actuation circuit and a secondary 
electrode which drives the primary electrode of a piezoelectric transformer with altemating 
voltage. When the lighting current of a cold cathode tube is high, the oscillation frequency of an 
actuation circuit Raising, In the control circuit of the piezoelectric transformer equipped with the 
circuit to which a negative feedback control is appUed so that it may lower, when low, and the 
circuit which lowers drive frequency gradually from upper limited frequency sufficiently higher 
than the frequency used as the maximimi output of the no-load characteristic of a piezoelectric 
transformer at the time of starting When the electrical potential difference more than the 
electrical potential difference beforehand set as the secondary electrode of a piezoelectric 
transformer is detected The control circuit of the piezoelectric transformer characterized by 
having the circuit which retums drive frequency to said upper limited frequency at switch speed, 
lowers drive frequency gradually again from this upper limited frequency, and drives a 
piezoelectric transformer. 

[Claim 3] The piezoelectric transformer made to continue and tum on while making discharge of 
a cold cathode tube start with the output voUage from an actuation circuit and a secondary 
electrode which drives the primary electrode of a piezoelectric transformer with altemating 
voltage, When the lighting current of a cold cathode tube is high, the oscillation frequency of an 
actuation circuit Raising, In the control circuit of the piezoelectric transformer equipped with the 
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circuit to which a negative feedback control is appUed so that it may lower, when low, and the 
circuit which lowers drive frequency gradually from upper limited frequency sufficiently higher 
than the frequency used as the maximimi output of the no-load characteristic of a piezoelectric 
transformer at the time of starting The control circuit of the piezoelectric transformer 
characterized by having the circuit which stops actuation of the actuation circuit of a 
piezoelectric transformer when the lighting current beforehand set as the secondary electrode of 
a piezoelectric transformer is not acquired. 



6 



